Abstract: Discovery for the advancement of medicine and understanding of life sciences constitutes one of the most powerful ways in which biodiversity can contribute to human society. Bioresources have tremendous potential in providing bioactive compounds for the development of new lead candidates for pharmaceuticals, nutraceuticals, and agrochemicals.
INTRODUCTION
Plants produce a diverse range of structurally novel bioactive molecules, making them a rich source of different types of medicines. Traditional medicines are still the mainstay of about 75-80 % of the world population, mainly in the developing world.
Living organisms are unknown complex mixtures having a potentially large number of secondary metabolites. The most valuable drugs in use have been obtained from bioresources.
Many new natural product-originated bioactive compounds effective in treating several diseases have been isolated from different plants, fungi, and microorganisms. They are unknown complex mixtures having a potentially large number of secondary metabolites. Sensitive bioassays for the highthroughput screening (HTS) methods have been developed to screen these plant extracts. The simplest assays are the ones based on the mechanisms of action of a known drug. The assays have also incorpo-rated into efficient testing schemes that are useful to HTS. For example; one assay used for Alzheimer's disease (AD) is based on the inhibition of acetylcholinesterase (AChE). The development of new leads of AChE inhibitors has been realized by Ellman's method for screening of biological sources [1, 2] .
Our researches have been focused to develop bioactive compounds from Turkish plants as leads for drug candidates. Turkey is one of the richest countries in the world for biological sources depending on different geographical, ecological, and aquatic environments as well as a passageway between Europe, Asia, and Africa. The floristic diversity provides a wide choice of species representing 11 000 taxa, of which 3700 are endemic. Turkish flora is the richest of any country in Europe, North Africa, and the Middle East [3] . The results indicated that until the end of 1999, over 930 papers were published reporting the chemical compositions of 830 taxa belonging to 237 genera including 58 families, meaning that only 7.7 % of the flora of Turkey have been investigated chemically. This is almost half of the number determined for the world. It has been estimated that out of ca. 250 000 species of flowering plants, only about 15 % have been studied phytochemically [4, 5] .
During our research activities on the plants growing in Turkey, we found diverse chemical classes of bioactive compounds ranging from simple aromatics (e.g., paeonol) to complex molecules of alkaloids, terpenoids, and steroids showing significant biological activities. Some antiacetylcholinesterase, anti-inflammatory, and antibacterial compounds have been reviewed in this manuscript.
ANTIACETYLCHOLINESTERASE COMPOUNDS
In our century, acetylcholinesterase inhibitors have become the most popular strategy for increasing cholinergic activity in the brain and have shown the most encouraging results as palliative therapy for AD.
AD is one of the most common mental problems in the aged population [6] [7] [8] . The basal forebrain and brainstem cholinergic systems play also an important role in the regulation of cortical and thalamic electrical activity [9] . The findings from experimental animals, aging, and AD research have provided an experimental foundation for the cholinergic hypothesis of learning and memory [10] [11] [12] . Based on the cholinergic hypothesis, AD results from a defect in the cholinergic system. One goal of the treatment for AD is to increase the acetylcholine level in the brain. Therefore, AChE inhibitors are developed for the treatment of this disease.
AD is a slowly progressive neuropsychiatric illness principally characterized by memory deficits, it has become the fourth leading cause of death after heart disease, cancer, and stroke in industrialized nations of the United States and Europe. Among the acetylcholinesterase inhibitors used at present, physostigmine and tacrine are not ideal drugs for clinical use due to their low bioavailability, narrow therapeutic window, and some side effects such as hepatotoxicity [13] . More recent drugs like donepezil and rivastigmine have effects only against a mild type of AD. Therefore, the search for novel acetylcholinesterase inhibitors with better properties is necessary.
The acetylcholinesterase catalyzes the hydrolysis of the neurotransmitter acetylcholine, and it has long been an attractive target for rational drug design and development of mechanism-based inhibitors for the treatment of Alzheimer's disease. Therefore, acetylcholinesterase inhibitors are the only class of drugs that produce improvements in cognitive function.
Lycopodium species
Huperzin A (1) has a special significance among the compounds with acetylcholinesterase inhibitory activity, isolated from natural resources. 
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Trev.] (Lycopodiaceae). This plant, known as "Qing Ceng Ta", has been used in traditional Chinese medicine for its memory-enhancing property for centuries [14] .
Over 100 alkaloids, a number of which are the series of huperzin A-R, have been isolated from the genus Lycopodium, which is rich in alkaloid content [15] . Out of them, only huperzin A possesses remarkable acetylcholinesterase inhibitory activity [14] .
The activity of huperzin A has been found to be as high as physostigmine, galanthamine, donepezil, and tacrine, the commercial drugs already used against AD, even greater. In various in vivo and ex vivo experiments, it has been shown to inhibit acetylcholinesterase reversibly and also to prevent oxidative cell damage induced by β-amiloid plaques [16] [17] [18] [19] [20] .
Related to this subject, our ongoing research on investigation of acetylcholinesterase inhibitory activity of some plants growing in Turkey, we screened five
] of Lycopodiaceae family regarding their acetylcholinesterase inhibitory activity by using the spectrophotometric method modified by Ellman. Bioassay-guided fractionation of L. clavatum L. extract, which was the only active extract (showed ca. 50 % activity) among the Lycopodium species studied resulted in the isolation of a triterpenoid as the active compound. Its structure was established as α-onocerin (2) by spectral techniques. α-Onocerin (IC 50 = 5.2 µM) inhibited acetylcholinesterase better than donepezil at 1 and 3 mg/ml concentrations and almost at the same inhibition rate at 5 mg/ml, however, it could not reach the inhibition rates of galanthamine at any dose. α-Onocerin showed less inhibition (37.81 %) at 5 mg/ml than 3 mg/ml (42.06 %), depending on its dose-independent inhibitory activity. The reason could be due to the relationship between enzyme and the binding capacity of the compound in increasing doses. These findings could suggest that α-onocerin may be a candidate to prepare chemical derivatives and for structure-activity relationship studies in the treatment of Alzheimer's disease for further research [21] .
Amaryllidaceae alkaloids
Amaryllidaceae alkaloids are typically found in all species of Amaryllidaceae, which is one of the largest families of ornamental bulbous plants [22] . Amaryllidaceae alkaloids have long held a prominent position in the history of natural products chemistry because of the structural similarity to the essential amino acids phenylalanine and related metabolites of tyrosine [23] .
New alkaloids have been isolated from a variety of sources with increasing frequency and characterized using the latest spectroscopic techniques. The medicinal properties of these alkaloids remain of great interest as well as the nature of their structure and stereochemistry. To date, over 190 Amaryllidaceae alkaloids have been isolated. These alkaloids are known to exhibit a variety of biological activities such as antitumor [24, 25] , antiviral, and anticholinergic activities [26] . Some of them have been used in the treatment of myastenia gravis, myopathy, and diseases of the nervous system. The bulbs of Galanthus, Narcissus, and Leucojum have an interest because of their content of galanthamine for the treatment of poliomyelitis.
Galanthamine (3), an alkaloid isolated from some Galanthus species (Amaryllidaceae), has been recently in use in the treatment of AD. It has a reversible action of acetylcholinesterase inhibition and also modulates the nicotinic acetylcholine receptors [27] [28] [29] [30] [31] [32] . Although the most common side effect of galanthamine is nausea, it is possible to eliminate nausea by increasing the galanthamine dose slowly [33] . In addition, galanthamine was shown to have no hepatotoxicity [34] . Therefore, galanthamine (Nivalin ® ) has been approved as its HBr salt for the first time in Austria, later licensed as Reminyl ® in the United States and some European countries, as well as Turkey.
Besides, the positive effect of galanthamine was found in several learning and memory tests in animals, based on the cholinergic hypothesis that memory impairments in patients suffering from AD result from a defect in the cholinergic system, and one approach to the treatment for this disease is to enhance the acetylcholine level in the brain [23] .
This development has prompted us to investigate the anticholinesterase activity of some plant species of Amaryllidaceae growing in Turkey, namely, Galanthus elwesii Hooker fil., G. ikariae L., Narcissus tazetta subsp. tazetta L., Leucojum aestivum L., and Pancratium maritimum L. by Ellman's method in comparison with galanthamine as the standard drug. The bulbs of some species of Amaryllidaceae cultivated in Turkey have been exported as ornamental plants. In the aforementioned context, we systematically studied the uninvestigated five Amaryllidaceae plants growing in Turkey for their potential anticholinesterase activities [35] .
In total, six Amaryllidaceae-type known alkaloids called lycorine (4), tazettine (5), crinine (6), galanthamine (3), 3-epi-hydroxybulbispermine (7), and 2-demethoxymontanine (8) from the active fractions of Galanthus ikariae were obtained by bioactivity-directed fractionation. On the other hand, lycorine, tazettine, 3-epi-hydroxybulbispermine, N-nor-galanthamine (9), and haemantamine (10) were isolated from the active fractions of Narcissus tazetta subsp. tazetta as the common Amaryllidaceae alkaloids. Although G. ikariae and N. tazetta subsp. tazetta extracts showed 75.56 and 46.62 % inhibition, repectively; it made us thought that activity of the extracts being lower than 50 % resulted from the synergistic interaction between the alkaloids isolated. Among these active alkaloids, lycorine (IC 50 = 3.16 µM) and galanthamine (IC 50 = 3.2 µM) have been determined to exhibit potent inhibitory activity [21] .
These findings showed that a single alkaloid is not responsible for anticholinesterase activity of G. ikariae and N. tazetta subsp. tazetta extracts. However, the activity may depend on the synergistic interaction between the alkaloids isolated. According to these results, the bulbs of Amaryllidaceae plants can also be evaluated as a source of anticholinesterase alkaloids in addition to their ornamental properties.
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In a similar study, Lopez et al. screened 26 extracts prepared from various Narcissus species along with 23 pure Amaryllidaceae-type alkaloids against acetylcholinesterase and suggested that the alkaloids having galanthamine and lycorine skeletons possess inhibitory activity [36] .
Isoquinoline alkaloids
The genus Fumaria L. (Fumarioideae, Papaveraceae) is represented by 19 species in Turkey [37, 38] . They are all small annual herbs and known as "Şahtereotu" in Turkey [5] . Some of them are used in folk medicine against eczema, rheumatism, stomach ache, and dysentery. In Anatolia, one of them, Fumaria vaillantii Lois. is widespread where its extracts are used in folk medicine as a blood purifier in the treatment of skin diseases. Fourteen of them have been investigated in terms of molecular diversity in the alkaloidal content and their biological activities [39] .
Fumaria species are the invaluable source of isoquinoline alkaloids, many of which possess a wide diversity of molecular structures and biological activities. According to the standard extraction, isolation, and purification procedures described in our previous study [40] ; 49 isoquinoline alkaloids have been isolated from 14 Fumaria species [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] . All alkaloids were identified on the basis of their extensive spectral data reported in the relevant literatures. Morphological characters used for the description of 13 Fumaria species were also determined [57] . [58] .
In the course of our studies on acetylcholinesterase inhibitors [35] , the alkaloidal extracts of Fumaria species displayed high inhibitory activity, while galanthamine, the standard drug used in this study, showed 48.80 ± 0.36 % inhibitory activity. All of the extracts had much higher activity compared to galanthamine, ranging between 84.98 ± 1.07 % and 96.89 ± 0.17 % by in vitro using spectrophotometric Ellman's method. Out of these species, F. vaillantii, having 94.23 ± 0.47 % inhibitory activity, was selected for bioactivity-directed fractionation and isolation studies and the common isoquinoline alkaloids named as canadine (11), hydrastine (12), bulbocapnine (13) , fumarophycine (14) , corydaldine (15) , protopine (16), ophiocarpine-N-oxide (17), β-allocryptopine (18), ophiocarpine (19) , and berberine (20) 1.8 µM) . Hydrastine, an alkaloid that has a phthtalideisoquinoline skeleton, and corydaldine, an alkaloid with a dihydroisoquinolone structure, were the least potent alkaloids, leading the suggestion that both types of alkaloids do not have remarkable acetylcholinesterase inhibitory activity. On the other hand, fumarophycine with spirobenzylisoquinoline skeleton and bulbocapnine (IC 50 = 2.0 µM) with aporphine skeleton, which have a better IC 50 value than galanthamine (IC 50 = 5.8 µM), could be considered to contribute to the activity of the extract. Another structure-activity relationship can be established between canadine (IC 50 = 2.6 µM) and ophiocarpine (IC 50 = 1.1 µM). Both of the alkaloids possess the same tetrahydroprotoberberine structure, except for the lack of a hydroxyl group in canadine. The much higher activity of ophiocarpine than canadine may be based on the existence of this hydroxyl group by increasing the solubility of this compound. Consequently, we conclude that the responsible compounds for the activity of F. vaillantii extract were determined as the alkaloids, namely ophiocarpine, β-allocryptopine, berberine, ophiocarpine-N-oxide, and protopine, which have tetrahydroprotoberberine and protoberberine skeletons and the activity may be due to the synergistic interaction between these alkaloids, which may be of therapeutic value in the treatment of AD [58] .
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ANTI-INFLAMMATORY COMPOUNDS
Both steroidal and nonsteroidal anti-inflammatory drugs currently used in the treatment of inflammatory diseases are known to have various side effects. Thus, investigations for the new anti-inflammatory agents with minimum side effects are still a challenge, and studies on both synthetic drugs and plants are conducted to realize this purpose. In Turkish folk medicine, many plants have been used in the treatment of rheumatoid arthritis and some anti-inflammatory diseases. The aqueous extracts of 29 plant 
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species from 18 families were tested for their anti-inflammatory activities by using carrageenan-induced hind paw edema method in mice [59] .
Paeonia daurica
The roots of some Paeonia species (Paeoniaceae) have been used as analgesics, anti-inflammatory agent, antispasmodic, hypotensive, and antiepileptic, especially in East Asian traditional medicinal systems for centuries. In Turkey, there are seven species of Paeonia, however, they are not widely used in folk medicine. In our previous work, the anti-inflammatory activity of two Turkish Paeonia species, P. peregrina Miller and P. daurica Andrews, were investigated with carrageenan-induced hind paw edema method in mice, and a significant activity was observed in the roots of P. daurica. To isolate the active principle(s), after filtration of the precipitate occurred during the concentration of the ethanolic extract of the roots of P. daurica, the remaining extract was subjected to a series of successive fractionations and paeonol (21) was obtained as an active compound [60] .
Iris germanica
Iris germanica L. (Iridaceae) is widely distributed in most parts of the world, and is also cultivated as an ornamental plant. In the preparation of traditional medicines, mainly the rhizomes of this plant are used. Rhizomes of the plant have been used in dropsy and gall bladder diseases as well as antispasmodic, emmenagogue, stimulant, diuretic, and aperient. The juice of the roots of I. germanica is applied to sores and used to remove freckles from the skin. It is employed as an ingredient of composition for purifying blood and for venereal diseases [61] . Human neutrophils are known to be the first line of defense against invading microorganisms. This protection is based on the production of oxidative bursts at the site of microbial invasion. The mechanisms of the site-directed killing of microorganisms and extracellular tumor-and virus-infected cells have been extensively studied. On the other hand, the uncontrolled release of reactive oxygen species (ROS) is suspected to be responsible for certain pathological conditions such as heart attacks, septic shocks, rheumatoid arthritis, and ischemia reperfusion injury [62] . In these cases, the administration of agents that can decrease the neutrophils accumulation in the inflamed area might be a remedy for these conditions.
A cell-based in vitro bioassay was used to examine the anti-inflammatory activity of the rhizomes of Iris germanica L. and to explore their potential as nonsteroidal anti-inflammatory drugs (NSAIDs). The methanolic extract of the rhizomes of Iris germanica of Turkish origin has resulted in the isolation of seven bioactive compounds by a spectrophotometric assay using the activated human neutrophils [63] . The structures of these compounds were identified on the basis of spectroscopic methods and found to be: 5,7-dihydroxy-3-(3'-hydroxy-4',5'dimethoxy)-8-methoxy-4H-1-benzopyran-4-one (22), 5,7-dihydroxy-3-(3'-hydroxy-4',5'-dimethoxy)-6-methoxy-4H-1-benzopyran-4-one (23), 5-hydroxy-3-(4'-hydroxy)-6,7-methylene-dioxy-4H-1-benzopyran-4-one (24), 5-methoxy-3-(4'-hydroxy)-6,7-methyenedioxy-4H-1-benzopyran-4-one (25), 5,7-dihydroxy-3-(3'-hydroxy-4'-methoxy)-6-methoxy-4H-1-benzopyran-4-one (26), 5,7-dihydroxy-3-(3'-methoxy-4'-hydroxy)-6-methoxy-4H-1-benzopyran-4-one (27) , and isopaeonol (28) .
CONCLUSIONS
Discoveries of lead compounds for the development of new drug candidates from bioresources can help to promote incentives for conservation by providing an economic return to innovative use of those sources.
Screening of natural sources has had an impressive tool of determining active agents. The key to successfully discovering therapeutic agents from bioresources is based on bioassay-directed isolation techniques. HTS tests and mechanism-based screening protocols as well as information of folkloric utilization of plants have led to the discovery of lead compounds as drug candidates.
These results show that the available biodiversity of natural sources and the isolated bioactive compounds may act as potential leads for the development of clinically useful pharmaceuticals. All of the known acetylcholinesterase inhibiting drugs used in therapy of Alzheimer's disease suffer from several side effects such as high toxicity, short duration of biological action, low bioavailability, and narrow therapeutic effects. Consequently, development of new acetylcholinesterase inhibitors with less toxicity and more potent activity are compulsory. The research in finding new drugs with acetylcholinesterase inhibitory activity to be used in the treatment of AD from natural resources such as huperzin A, also yielded some herbal-originated extracts and/or compounds which act by different mechanisms such as Ginkgo biloba, Panax ginseng, Davilla rugosa, (-)-epigallocatechin, ferulic acid, etc. [19] . However, acetylcholinesterase inhibitors have been accepted to be the most effective in the treatment of AD, so far.
Paeonol, a simple aromatic compound isolated from the roots of Paeonia daurica Andrews, as well as some isoflavonoids obtained from the rhizomes of Iris L. species have a noticeable anti-inflammatory activity when compared with aspirin and indomethacine, clinically used as NSAIDs. These bioactive natural compounds can also serve as models for synthetic compounds in improving the human health. They play valuable leads for nutraceuticals in connection with human nutrition by the general public as well.
Due to human population growth and economic presure, the loss of the earth's biodiveristy is one of the most pressing environmental and development issues today. IUPAC-approved recommendations [64] for global cooperation on sustainable utilization and conservation of biodiversity will also be highlighted as the dissemination effort of the recommendation.
